Introduction: Gradient-echo (GE) MRI is widely used for producing diagnostic images of the human brain, since both the phase and magnitude of the complex NMR signal measured using GE sequences can be used to create high-resolution images that show strong contrast between different types of brain tissue. Recent studies at high magnetic field strengths (3T and above) have shown that there is a direct link between the orientation of white matter (WM) fibers to the B 0 -field and the contrast observed in magnitude and phase images [1][2][3][4]. Although the origin of this link is currently not understood, fibre-orientation-dependent contrast in GE images is of great interest, since it could offer researchers easy access to a new diagnostic tool for investigating tissue microstructure using MRI. Here, we show that fibreorientation-dependent contrast in magnitude and phase images can be fully explained by modelling nerve fibers as long, hollow cylinders of myelin, within which: (i) myelin-water [5] generates a rapidly-decaying signal and (ii) the magnetic susceptibility is anisotropic. Based on the orientation and shape of the lipid chains in the myelin sheath [6], the model assumes that the susceptibility tensor is cylindrically symmetric and that the principal component of the tensor is always radially oriented.

